Standard mouse BALB/3T3 cells replicate murine leukemia virus (MuLV) without alteration of cellular growth or morphology. Murine sarcoma virus, transformed nonproducer lines derived from BALB/3T3, yield sarcoma virus in response to MuLV infection. We have described a cell line, UC1-B, derived spontaneously from BALB/3T3 cells, which, unlike the standard BALB/3T3, transforms in response to MuLV infection (6) . Unlike the transformed nonproducer cells, sarcoma virus is not detectable in the yield. The UC1-B cells yield MuLV after infection, but in addition to the typical type C virus, bizarre forms are also observed by electron microscopy. Although UC1-B and BALB/3T3 are morphologically similar and both form contact-inhibited monolayers at confluence, the UC1-B cells are partially transformed (6) since they grow to a slightly higher saturation density than 3T3 cells and they are able to grow in medium lacking serum growth factors (factor-free medium) (7, 14) . In this report we also show that UC1-B cells produce tumors in mice. It was hypothesized that UC1-B cells represent an intermediate state in which leukemia virus replication can result in morphological transformation.
We now describe a second clone, 12A3-8 derived from BALB/3T3, which, like UC1-B, both transforms and produces bizarre viral forms after infection with MuLV. Unlike UC1-B cells, the 12A3-8 cells are identical in growth properties to the BALB/3T3 (12, 15) (14) .
Virus Maloney leukemia virus (MLV). The stock pool was derived from a tumor homogenate (obtained from J. Moloney, lot no. M6-2400) and passaged three times at limit dilution in a mouse embryo cell line, HPME (4), and subsequently passaged three times at 1:100 dilution in HPME cells. The virus was titered at 5 x 106 plaque forming units/ml on BALB/3T3 clone A31 cells by the XC method (10) .
Electron microscopy. Cell cultures were fixed in 2.5% glutaraldehyde and postfixed in 1% Dalton's chrome-osmium, followed and computation of gene copies/diploid equivalent have been described (5) with the following exception: separation of single-stranded DNA from doublestranded DNA was performed by batch elution from hydroxyapatite with 50-ml conical centrifuge tubes maintained in a 60 C water bath. Approximately a 5-ml packed volume of hydroxyapatite was used per assay point and the radioactivity was eluted with three washes of 15 ml of phosphate buffer (0.14 M) followed by three washes with 0.4 M buffer (see reference 5 for description of buffers).
RESULTS
Origin of the cells. Of the 13 subclones of BALB/3T3 (clone A31) tested for focus formation by MuLV, only one clone besides UC1-B morphologically transformed (Table 1 ). The clones tested include: abortive transformants induced by SV40 infection of BALB/3T3 in factor-free medium (12, 14) , two flat SV40 transformants (11, 13, 14) , one flat revertant of an SV40 transformed clone (9) , and three subclones of uninfected BALB/3T3.
The positive clone, 12A3-8, is a reclone of an SV40-induced abortive transformant; however, neither the original abortive transformant, 12A-3, nor other reclones of it produced foci when infected with MuLV. It has been reported that 12A-3 and all of the reclones contain varying amounts of SV40 genetic material in a cryptic form (12) . However, the cells have been extensively passaged since that report and they no longer contain any DNA which hybridizes to SV40 DNA probes (Table 2) .
By all criteria tested, 12A3-8 is indistinguishable from BALB/3T3 (Table 3 ). The two cell lines are similar in morphology, growth pattern, saturation density, and neither line grows in factor-free medium. Neither 12A3-8 nor BALB/3T3 produce tumors in syngeneic hosts (2, 15) , whereas UC1-B innoculated under similar conditions readily produced tumors ( Table  3 ). All of the tumors were poorly differentiated sarcomas which appeared 8 to 12 weeks postinoculation and progressively grew until the mice were sacrificed 16 weeks postinoculation.
Transformation of 12A3-8 by MuLV. The morphology of the foci induced by MuLV on 12A3-8 and on UC1-B (Fig. 1) were similar to foci induced by MSV on BALB/3T3 (6) . The efficiency of transformation of the UC1-B and 12A3-8 was determined by assaying simultaneously with the A31-XC system. Dilutions of MuLV were plated on subconfluent monolayers of each cell type. At the time of fluid changing Virus production by 12A3-8. As previously described for UC1-B (6), 12A3-8 produced only infectious leukemia virus after transformation; no focus-forming virus similar to murine sarcoma virus has been found in the yield after transformation of either 12A3-8 or UC1-B. Electron microscopy of MLV-infected 12A3-8 cells revealed aberrant viral maturation. Typical budding type C virus was found at the plasma membrane. (Fig. 2) . Mature particles (not shown here) were present in the extracellular spaces as well. In the same cell, atypical budding formations were found at the periphery of an intracytoplasmic vacuole (Fig. 2) . Morphologically complete particles released into the lumen of the vacuoles were rare; the membrane of these vacuoles consisted of linear or rodshaped tubular formations of unit membrane with election dense material typical of the inner membrane and nucleoid of type C virus particles. A single vacuole contained either bizarre forms or typical type C virus, not both, suggesting that the two forms mature at separate sites. In all the preparations observed, at least 95% of the cells contained both types of virus particles. The bizarre forms were not found in A31 cells infected with MLV, and no virus particles were observed in the noninfected UC1-B or 12A3-8 cells. The aberrant virus matured slightly differently in UC1-B than in 12A3-8. Intracysternal particles, also atypical, which were frequently found maturing at the endoplasmic reticulum of UC1-B cells, were rarely found in 12A3-8. The ultrastructural features of viral maturation are summarized in Table 5 .
DISCUSSION
Leukemia virus infection results in morphological transformation of two independently isolated cell lines derived from BALB/3T3. One line, UC1-B, was a spontaneously appearing branch culture of BALB/3T3 to which no selective pressure was applied. The second line was one of three reclones subcultured from an abortive transformant induced by SV40 infection. After infection with MuLV, both lines produced bizarre viral forms as well as standard C type viruses. These bizarre viral forms have not been seen after MuLV infection of any other murine cell line that we have observed, nor have they been seen after MuLV infection of XC cells (3) .
One explanation for our observations is that the two lines contain an endogenous sarcoma genome which can be activated by MuLV infection. Since endogenous sarcoma virus has never been activated in BALB/3T3 cells, we hypothesize that an altered regulation of gene expression must have occurred in both clones. The relationship between SV40 infection and the alteration of gene regulation responsible for transformation by MuLV is unclear. Although prior infection with SV40 is neither necessary nor sufficient to induce the altered gene regulation (UC1-B was not infected with SV40 and most SV40-infected clones were not transformed by MuLV), SV40 infection may increase the probability that the regulatory change occurs. Since the clones were independently isolated in different laboratories, it is unlikely that both lines contain an inadvertent laboratory infection with sarcoma virus which requires helper virus to transform the cells and to replicate. 
'eA. the UC1-B cells grow to a slightly higher saturation density, grow in factor-free medium, and produce tumors when inoculated into syngeneic mice. The UC1-B cells have been used as substrate for assaying MuLV which is as accurate, and even more rapid than, the XC-plaque assay. One disadvantage to using UC1-B is that the cells often spontaneously transform, possibly because they have already lost some growth control. Since 12A3-8 does not have this problem, it is particularly convenient to use it for the assay.
